Introduction {#Sec1}
============

Viruses are abundant microbiological agents (Lawrence et al. [@CR64]) that are capable of infecting all forms of life including but not limited to humans, plants, animals, fungi, bacteria, protozoa, and archaea. The United States workforce, especially health care workers, first responders, industrial workers, and biowaste workers are at risk of occupational exposure to a broad diversity of viruses including hepatitis, human immunodeficiency virus (HIV), Ebola virus, influenza and adenoviruses. Preventative guidelines including administrative and engineering controls, as well as use of personal protective equipment (PPE) have been published by various government agencies, and these avoidance strategies and exposure control plans have been modernized and recently revised (CDC [@CR13], [@CR18], [@CR19], [@CR38]; Kuhar et al. [@CR63]; Garner [@CR52]; Siegel et al. [@CR100]; West and Cohen [@CR113]).

Viruses are acellular and conflict within the scientific community exists as to whether or not viruses are living. Only able to replicate inside living cells, viruses rely on the host cell's reproductive machinery (Sze and Tan [@CR106]). They are generally smaller than bacteria and therefore must be visualized using scanning or transmission electron microscopy. Viral particles range in diameter from 20 nm to approximately 300 nm; approximately one hundredth the size of a bacterium (Sekar and Kathiresan [@CR98]). Stains are used to enhance the visualization of the viral particles, such as fluorescent antibodies that specifically tag antigens specific to the viral particles or uranyl acetate and phosphotungstic acid to enhance the contrast for electron microscopy (Smith and Melnick [@CR103]). Negative staining can also enhance the contrast by staining the background instead of the viral proteins (Kiselev et al. [@CR61]). Complete independent viral particles that have not yet infected, or are in the process of infecting, living cells are called "virions" and consist of two components. The genetic material of the virus, whether it is DNA or RNA, is contained within the protective proteinaceous coat termed the "capsid." Identical protein subunits termed "capsomeres" collectively construct the capsid, which can be enveloped with a layer of lipids formed from the host cell. This envelope, which aids in the infection of a host cell, consists of components from both the viral and the host cell's membranes.

Structure of Viral Capsids {#Sec2}
--------------------------

Depending on the virus, virions differ in morphology, size and symmetry. There are four primary morphologies: helical, icosahedral, prolate and enveloped. The majority of viruses contain either a helical or icosahedral capsid (Lidmar et al. [@CR67]; Vernizzi and Olvera de la Cruz [@CR108]) and more commonly will be encountered in an occupational environment. Helical viruses are rigid or flexible rod-shaped (Prasad and Schmid [@CR94]) formed by capsomeres specifically arranged in a helix around a central axis. The genetic material is located either inside the central cavity protected by the capsid or may be attached directly to the capsid. Fig. [3.1](#Fig1){ref-type="fig"} illustrates the longitudinal view of an influenza virion, which is an example of a helical virus (Brown et al. [@CR10]) that can be encountered in healthcare settings. Another example of a helical virus is the tobacco mosaic virus (TMV) discovered in 1898 (Harrison and Wilson [@CR58]). Although humans cannot be infected by TMV, antibodies against TMV can be produced as shown in a study that measured anti-TMV antibodies in cigarette and smokeless tobacco users (Liu et al. [@CR71]).Fig. 3.1**Longitudinal transmission electron microscopic image of influenza virions**. A negative-stained transmission electron microscopic (TEM) image illustrating 1918 influenza virions

More commonly, viruses have an icosahedral shape where capsids are composed of 60 repeating identical subunits that give rise to 20 equilateral triangles arranged in a symmetrical manner (Prasad and Schmid [@CR94]). This formation allows for the least amount of genetic material needed to code for the structural proteins that make up the capsid and for a closed capsid to protect the genetic material. An example of a virus with an icosahedral structure is an adenovirus, shown in Fig. [3.2](#Fig2){ref-type="fig"}. Other examples of icosahedral viruses include the rhinoviruses, which belong to the family of viruses that cause the common cold, as well as the virus responsible for poliomyelitis, poliovirus (Lodish et al. [@CR72]). Unlike the frequency of acquiring the common cold in the healthcare or service sector, for example (Turner [@CR107]), poliovirus has decreased 99% over the past 20 years, with only 74 cases reported worldwide in 2015 (WHO [@CR117]) and could be encountered by American emergency responders that visit third-world countries or by infected travelers visiting the United States. Variants to the icosahedral structure are known as "prolate" structures, such as those seen in bacteriophages (Fokine et al. [@CR49]) as depicted in Fig. [3.3](#Fig3){ref-type="fig"}. Phage capsids have a variety of sizes and morphologies that are similar to human pathogenic viruses (Ackermann and Prangishvili [@CR2]) and infect different bacterial species. These viruses are used as bactericidal agents in "phage therapy" to treat bacterial infections in humans (Abedon et al. [@CR1]).Fig. 3.2**Transmission electron microscopic image of a single adenovirus virion**. A colorized transmission electron microscopic (TEM) image of adenovirus Fig. 3.3**Cryo-electron microscopic image of a T4 bacteriophage**. A Cryo-electron microscopic image of the prolate head of bacteriophage T4 (Fokine et al. [@CR49])

Viruses such as influenza, herpes virus, and HIV are enveloped viruses that acquire a lipid envelope from the outer or inner membrane of a host cell (Prasad and Schmid [@CR94]). This envelope contains proteins that are coded by both the viral and the host's genome and are required for the infectivity of the virus. Viruses that contain an envelope are more stable under low relative humidity and low temperatures (Duchaine [@CR47]). A cross-sectional image of influenza virions shown in Fig. [3.4](#Fig4){ref-type="fig"} demonstrates the envelope of the virion.Fig. 3.4**Cross-sectional transmission electron microscopic image of influenza virions**. A colorized negative-stained transmission electron microscopic (TEM) image of influenza virus particles

Classification of Viruses {#Sec3}
=========================

Viruses are classified according to the Baltimore classification system developed in 1971 (Baltimore [@CR4]). This system classifies viruses based on the type of genome, such as single- or double-stranded and deoxyribonucleic acid (DNA) or ribonucleic acid (RNA) (Prasad and Schmid [@CR94]), as well as the method of replication (Baltimore [@CR4]). The type of genetic material found in a virus depends on the nature and function of the virus. The diversity between the different genomes illustrate the complexity of viruses. Viruses with the largest genomes, including the Mimivirus, Megavirus and Pandoravirus, infect amoebas, with the latter having the largest known genome of all the viruses (Philippe et al. [@CR92]). Having one of the simplest genomes, the circoviruses are the smallest viruses and infect eukaryotic cells (Mankertz et al. [@CR78]).

Viruses contain either RNA or DNA as their genetic material; however, some viruses contain both RNA and DNA at different times during the life cycle. An example of a virus that contains both RNA and DNA is HIV. The replication of the viral genome will also vary, depending on whether the genome is composed of RNA or DNA. For instance, viral RNA replicates primarily in the cell's cytoplasm, whereas DNA viruses replicate in the cell's nucleus.

The viral genome can be linear, circular or segmented in shape. Along with the different shapes of the viral genome, the structure of the nucleic acid will also differ. Viruses can contain single stranded DNA (ssDNA) in which the virus relies on the host's replication machinery, such as the host's DNA polymerase, in order for the ssDNA to be made into double stranded DNA (dsDNA). The dsDNA is then transcribed to messenger RNA (mRNA) after which translation can take place. Single stranded DNA viruses, such as parvovirus, have the ability to infect archaea, bacteria, plants and animals (Koonin et al. [@CR62]). The difference between dsDNA viruses compared to ssDNA viruses is that the virus does not require DNA polymerase to create a complimentary DNA strand to be then transcribed into mRNA because the DNA is already double stranded. Double stranded DNA viruses, such as adenoviruses and herpes viruses, have the ability to infect archaea, bacteria, unicellular eukaryotes and animals (Koonin et al. [@CR62]). Hepatitis A and C, as well as enteroviruses, contain positive-sense ssRNA genomes. A positive-sense RNA genome allows for the genome to be immediately translated in the host cell's cytoplasm. Negative-sense ssRNA viruses, such as Ebola, influenza, measles and mumps, requires an RNA polymerase to produce a positive-sense RNA strand in order for translation to occur. Viruses with dsRNA, such as rotavirus, have the ability to infect bacteria, unicellular eukaryotes, fungi, plants and animals (Koonin et al. [@CR62]).

Lastly, reverse transcribing viruses possess either an ssRNA or a dsDNA genome. HIV contains an ssRNA genome where a reverse transcriptase copies the ssRNA into a complementary DNA strand, and then a DNA polymerase creates a sense DNA strand, making dsDNA. This dsDNA moves into the nucleus of the host cell and integrates into the host's genome. During replication of the host's genome, the dsDNA is transcribed to mRNA from which the viral proteins are then translated. Reverse transcribing viruses that contain dsDNA genome, such as Hepatitis B, use proteins in the host cell to move to the nucleus where the dsDNA serves as a template for mRNA following transcription. The mRNA can then move back into the cytoplasm where it will be reverse transcribed to DNA, allowing for the process to repeat multiple times.

The viral genome can be mutated through different mechanisms to result in new viral strains. First, DNA or RNA bases can mutate to other bases; however, the resultant proteins may be unchanged. Although the proteins may not be initially altered, the accumulation of point mutations may eventually change the viral proteomic profile over time. RNA viruses are more prone to mutations compared to DNA viruses (Domingo et al. [@CR46]). Recombination of the viral genome can also alter the resultant proteins. This type of mutation can render the virus resistant to vaccinations and antiviral drugs, which is detrimental to the preventation against disease development that follow exposures encountered in occupational environments.

Infection and Effects on Host Cell {#Sec4}
==================================

Infection generally involves contact between a virus and the host's epithelial surface (Janeway et al. [@CR60]). Viral capsid proteins attach to receptors on the host's outer surface. Glycoproteins or glycolipids serve as the attachment receptors, such as heparin sulfate proteoglycans (de Haan et al. [@CR43]; Vlasak et al. [@CR110]). The attachment process of HIV requires CD4 along with CCR5 or CXCR4 (Grove and Marsh [@CR57]), while rhinoviruses attach to the intercellular adhesion molecule 1 (Norkin [@CR86]). Endocytosis or membrane fusion enables the virus to penetrate the host cell; however, this process may differ depending on the host cell. Penetration into plant or bacterial cell walls is typically more challenging compared to animal cells due to the thickness and complexity of the outer surface composition. Once the virus has entered into the host cell, the capsid is uncoated to release the viral genome. Replication of the viral genome takes place inside the host cell using the host's replication machinery. After the viral components are produced, developed and assembled, they are released from the host cell. This process either occurs by lysis of the host cell when releasing non-enveloped virus or by budding and scission to release enveloped viral particles (Sze and Tan [@CR106]).

Once the virus has migrated out of the host cell, the cytopathic effects caused by the viral infection can result in host cell death through lysis or apoptosis (Roulston et al. [@CR97]). In contrast, there is no visible change to the host cell for some viruses, such as herpes virus (Sissons et al. [@CR102]). These viruses lie dormant inside of the host cell with viral genetic material floating in the nucleus or cytoplasm and can cause chronic infection over long periods of time.

Host Diversity {#Sec5}
--------------

Viruses can infect a wide diversity of hosts. The infections caused by most viruses are species-specific. On one hand, some viruses can only infect a limited number of hosts and are considered to have a narrow range of hosts. An example of a virus with a narrow range of hosts is the smallpox virus, which only infects humans. On the other hand, other viruses can infect multiple species and are considered to have a broad range of hosts. An example of a virus with a broad range is the rabies virus, which can infect animals and be transmitted to humans. Emerging viral diseases affecting humans, wildlife and agricultural have resulted from viruses infecting new novel hosts, a process known as a "host shift" (Longdon et al. [@CR73]) or a "host switch" (Parrish et al. [@CR91]). These shifts have caused pandemics in the human population, such as HIV from chimpanzees (Sharp and Hahn [@CR99]), severe acute respiratory syndrome from bats (Li et al. [@CR66]), and influenza virus from aquatic birds (Webby and Webster [@CR112]). Although the reservoirs of the influenza virus are in aquatic birds, swine also serve as another zoonotic source as evidenced by the 2009 H1N1 outbreak (Novel Swine-Origin Influenza et al. [@CR88]; Fraser et al. [@CR51]; Gatherer [@CR53]). Rodents are also carriers of viruses, like the hantavirus (CDC [@CR21]), whereas bats and wild carnivores are zoonotic sources of rabies (CDC [@CR15]; England [@CR48]). Recently, Influenza A (H7N2) virus was detected in an animal shelter worker who was exposed to infected cats (CDC [@CR28]).

Viral Transmission Routes {#Sec6}
=========================

Depending on the origin of the virus, transmission occurs through a variety of mechanisms. Direct transmission occurs through direct physical contact with an infected person's bodily fluids or through indirect transmission by contact with contaminated surfaces or objects (fomites). Viruses, such as HIV and hepatitis, are transmitted by direct contact with bodily fluids, including blood, mucous secretions, urine or feces, from an infected person or through contact with contaminated drug delivery equipment, like needles. Potential exposure to blood-borne diseases can be encountered in occupations involving the use of needles as tools, such as tattooists and piercers, emergency first responders, maintenance and waste workers, or in healthcare environments. Also in a healthcare environment, patients or staff can be exposed to viruses through the use of surgical or medical instruments like catheters or sharp instruments. A sharps injury occurs when a sharp object penetrates the skin, such as a needle, scalpel, or bone fragment. Of all reported sharps injuries, nurses and healthcare assistants accounted for 42%, whereas doctors accounted for 41% (Riddell et al. [@CR95]). Industrial workers are potentially exposed to blood-borne diseases through sharps or a traumatic injury.

To reduce the risk of viral exposures, the Centers for Disease Control and Prevention (CDC) has set guidelines to prevent transmission of infectious agents in healthcare settings (Garner [@CR52]; Siegel et al. [@CR100]). The Universal Precautions guidelines were developed in 1987 as an addition to the 1983 "Guideline for Isolation Precautions in Hospitals" to include the recommendation that blood and body fluid precautions be used for all patients regardless of their blood-borne infection status (CDC [@CR13]). These precautions were set in place to reduce the risk of exposure to blood-borne diseases, specifically for healthcare workers. The Standard Precautions guidelines were proposed in 1996, consisting of precautions that are standard for all patients and includes blood-borne, airborne, and other important pathogens (West and Cohen [@CR113]). The guidelines discuss hand and respiratory hygiene, the use of PPE, such as gloves, gowns, eyewear and facemasks, prevention of sharps injuries, and sanitation practices. By following the recommendations of the guidelines, the risk of viral exposures can be reduced.

Other viruses infect the host via a vector, such as insects like the mosquito. This type of vector-borne transmission can spread through a bite or through contact with the host. This is the route used by the virus involved in the recent disease outbreak caused by the Zika virus. The swine influenza virus is an example of a zoonotic virus that is transmitted from animals to humans. Workers in a meat processing facility and a pig farm have been found to be at greater risk to swine influenza virus compared to people not working in those occupations (Myers et al. [@CR85]; Gray et al. [@CR56]). Hantavirus is another example of a zoonotic virus. As previously mentioned, hantaviruses are carried by rodents and can lead to a rare, but sometimes lethal disease in humans called hantavirus pulmonary syndrome. Contracted through exposure to rodent urine, droppings or saliva, workers in construction, utility, pest control and house cleaning services are at risk of hantavirus pulmonary syndrome exposure (CDC [@CR21]).

Airborne transmission occurs when a virus is spread by traveling on dust particles or on small respiratory droplets. Viruses can travel on different sizes of airborne particles formed when a person coughs, sneezes, talks or exhales. The larger respiratory droplets that form travel short distances (Mubareka et al. [@CR83]), compared to droplet nuclei that are small and responsible for transmission over long range distances. An example of an airborne virus is the influenza virus, which can be transmitted by direct contact with infected people in a healthcare environment for example or by exposure to fomites that have been contaminated when the droplet nuclei settle out of the air and dry on a surface, a situation that may be encountered in healthcare or academic occupational environments. The viability of the viral particle on the fomites depends on the virus, the environmental conditions surrounding the fomite and whether or not the droplet nuclei is moist or dry. Viral exposure can occur through inhalation of aerosolized droplet nuclei into the respiratory tract of a person, also potentially encountered in healthcare or academic occupational environments. One study determined that professionals in healthcare settings could be exposed to infectious doses of influenza virus within 1.8 meters of an infected patient (Bischoff et al. [@CR5]). Another study detected low concentrations of influenza viral RNA in aerosols located in patients' rooms of which healthcare workers frequently encountered (Leung et al. [@CR65]). The National Institute for Occupational Safety and Health (NIOSH) has developed a bioaerosol sampler that allows for the collection of size-fractionated aerosols (Cao et al. [@CR11]; Lindsley et al. [@CR70]), which enabled further research into influenza transmission. Subsequent studies utilizing the influenza virus as a model illustrated that infectious viral particles are collected in the smallest particle (airborne) fraction, as well as in the larger (droplet) fraction (Noti et al. [@CR87]) and that more viable influenza particles are detected after coughing than exhaling (Lindsley et al. [@CR68]).

Viral Exposures in Occupational Settings {#Sec7}
========================================

Viral exposures are encountered in a wide variety of occupations. An earlier review described methods for sampling airborne viruses in various environments such as hospitals, office buildings, restaurants and schools (Verreault et al. [@CR109]). Most of the studies reviewed occurred before 2008 and do not include recent viral outbreaks. Current examination of viral exposures lead to the identification of viruses that are frequently encountered in occupational environments or have been a recent focus in the United States. Although viral exposures can occur in many different occupational environments, the healthcare sector has one of the greatest risk of exposure to a large variety of infectious viruses.

Environments within the healthcare sector include, but are not limited to, hospitals, medical offices, assisted-living facilities, and dental offices. Viruses in these occupational environments can be transmitted from patient to patient, healthcare worker to patient or patient to healthcare worker as hypothesized in a review on Hepatitis C transmission in a healthcare environment (Pozzetto et al. [@CR93]). One study reported the detection of human cytomegalovirus in the air of hospital rooms, a mode of transmission not previously considered, which demonstrates a potential route of exposure to healthcare workers and patients (McCluskey et al. [@CR79]). Respiratory syncytial virus has also been detected in the air of hospital rooms housing infected patients in which the viral RNA was detected up to 7 m away from the patients for up to 7 days (Aintablian et al. [@CR3]). Severe acute respiratory syndrome (SARS) coronavirus was identified on fomites in a hospital room belonging to a patient with SARS, as well as at a nurses' station. These data suggest generation of aerosol particles containing SARS coronavirus (Booth et al. [@CR9]). Collectively, these studies further highlight the potential exposure for both patients and healthcare workers in a healthcare setting.

Laboratory-associated occupations also serve as potential sources of adverse viral exposures. Researchers that handled clinical samples of the Ebola virus became infected at a government hospital in Sierra Leone (Silver [@CR101]). Individuals that work in biotechnological laboratories, as well as healthcare environments, that use lentiviral vectors for gene delivery systems are also at risk of viral exposure (Howard et al. [@CR59]). Viral exposures may also occur in manufacturing or industrial occupational environments. Human adenovirus was detected in air samples collected from a landfill, a waste recycling plant, an incineration plant, and waste collection vehicles, all serving as environments with a potential risk for viral exposure (Carducci et al. [@CR12]). Modeling systems for airborne viruses used in industry could possibility lead to viral exposures for workers in these facilities. For example, bacteriophages are not only used by the FDA to test the effectiveness of filtration devices (Duchaine [@CR47]), but are also used as surrogates for enteric viruses in wastewater treatment studies (Grabow [@CR54]). Rhinoviruses have been detected in office buildings with low outdoor air supply, suggesting that occupants are at an increased risk of viral exposure from infected colleagues (Myatt et al. [@CR84]). Other occupational environments where people are susceptible to viral exposures, such as influenza and norovirus, are in the service sector, including schools and daycare settings, as well as agricultural environments (Division of Viral Diseases et al. [@CR45]; CDC [@CR24]). Areas of construction serve as environments where blood-borne pathogens can be encountered through traumatic or sharp injuries. The following section and Table [3.1](#Tab1){ref-type="table"} details the viruses that have more recently been characterized in occupational environments.Table 3.1Prevalent viral exposures encountered in United States occupational environmentsDiseaseGenomeTransmissionOccupationTreatmentVirusReference**Hepatitis**• Circular dsDNA (Hepatitis B)• (+)ssRNA (Hepatitis C)• Enveloped icosahedral• Direct contact with bodily fluids from infected person(s)• Contact with contaminated drug-injection equipment• Healthcare workers• Vaccine for Hepatitis B, but no vaccine for Hepatitis C![](337435_1_En_3_Figa_HTML.gif){#d29e734}Photo courtesy of CDC/E.H. Cook, Jr.; CDC Public Health Image Library (PHIL) ID\#: 8153**HIV**• Linear (+)ssRNA-RT• Viral envelope• Direct contact with bodily fluids from infected person(s)• Contact with contaminated drug-injection equipment• Healthcare workers• Research laboratories• Antiretroviral treatments, but no cure is available![](337435_1_En_3_Figb_HTML.gif){#d29e768}Photo courtesy of National Institute of Allergy and Infectious Diseases (NIAID); PHIL ID\#: 18142**Adenovirus**• Linear dsRNA• Non-enveloped icosahedral• Direct contact with bodily fluids from infected person(s)• Contact with contaminated surfaces• Healthcare workers• Military• Available vaccine only approved for military use![](337435_1_En_3_Figc_HTML.gif){#d29e802}Photo courtesy of CDC/Dr. G. William Gary, Jr.; PHIL ID\#: 10010**Influenza**• Segmented• (−)ssRNA• (Influenza A)• Linear (−)ssRNA (Influenza B)• Viral envelope• Airborne and spreads by coughing and sneezing• Contact with contaminated areas and surfaces• Healthcare workers• General public• Poultry and meat processing facilities• Flu vaccine![](337435_1_En_3_Figd_HTML.gif){#d29e844}Photo courtesy of CDC/Cynthia Goldsmith; CDC PHIL ID\#: 11745**Ebola**• Linear (−)ssRNA• Viral envelope• Direct contact with bodily fluids from infected person(s)• Healthcare workers• Response teams• Research laboratories• No vaccine, but two potential candidates![](337435_1_En_3_Fige_HTML.gif){#d29e878}Photo courtesy of CDC/Dr. F. A. Murphy; CDC PHIL ID\#: 10815**Norovirus**• Linear (+)ssRNA• Non-enveloped icosahedral• Contaminated food and water• Direct and indirect contact with infected person(s) or contaminated surfaces• Airborne transmission• Healthcare workers• Food handling services• Cruise ships• Military• No vaccine![](337435_1_En_3_Figf_HTML.gif){#d29e918}Photo courtesy of CDC/Dr. Charles D. Humphrey; PHIL ID\#: 10706**Zika**• Linear (+)ssRNA• Enveloped icosahedral• Transmitted by mosquitos• Occupations requiring travel to infected areas• Research laboratories• No vaccine![](337435_1_En_3_Figg_HTML.gif){#d29e950}Photo courtesy of CDC/Cynthia Goldsmith; CDC PHIL ID\#: 20541

Viral Hepatitis {#Sec8}
---------------

In 2014, Hepatitis B affected approximately 850,000 people in the United States (Roberts et al. [@CR96]; Wasley et al. [@CR111]). Hepatitis B and Hepatitis C are transmitted through bodily fluids or by contact with contaminated drug-injection equipment. Sewage workers at waste plants, as well as healthcare workers and patients in healthcare environments can be exposed to both viruses. Hepatitis B (CDC [@CR35]) is normally an acute infection, but for some, the disease can become chronic. The risk of the infection becoming chronic is related to the age of the infected person. For all viral hepatitis cases, routine blood tests, serological tests, reverse transcription polymerase chain reaction (RT-PCR) to detect viral RNA, and genotyping tests are used to diagnose viral hepatitis. This virus can be prevented by following the recommendations of the Standard Precautions guidelines, including the use of PPE, proper handling of sharps and patient care equipment, avoiding close physical contact and vaccination. Similar to Hepatitis B, Hepatitis C is transmitted by contact with contaminated drug-injection equipment and is also an acute infection, which can become chronic in some. In 2014, 30,500 cases of acute and an estimated 2.7--3.9 million cases of chronic Hepatitis C occurred in the United States (CDC [@CR35]). Hepatitis C exposure in healthcare environments is less common, but sharps injuries can still occur. Unlike Hepatitis B, a vaccine is not available for Hepatitis C (Riddell et al. [@CR95]), so it is important to avoid sharps injuries or sharing drug-injection equipment with those people infected with Hepatitis C.

Even more uncommon than Hepatitis C exposure in the healthcare environment are exposures to Hepatitis A. Hepatitis A is transmitted by the fecal-oral route or consumption of contaminated food or water. It does not result in a chronic disease and there is no available vaccine (CDC [@CR35]). Another rare exposure risk in the United States is Hepatitis D. It is transmitted through contact with infectious blood; however, it only occurs in people who are infected with Hepatitis B. Hepatitis D virus is incomplete and therefore, needs Hepatitis B in order to replicate. There is no vaccination for Hepatitis D, so the best prevention strategy is to be vaccinated against Hepatitis B (CDC [@CR35]). Hepatitis E is also rare in the United States; however, one study reported a significant association between occupational exposure to Hepatitis E and swine (De Schryver et al. [@CR44]). Hepatitis E is transmitted by ingestion of fecal matter through contaminated food or water. Despite Hepatitis E not resulting in a chronic infection, there is a vaccine available (CDC [@CR35]). Although these latter types of viral hepatitis are uncommon, each are important to review as lapses in standard precautions and a break in safety protocols can lead to an increased risk of exposure.

To reduce the risk of exposure to viral hepatitis and other blood-borne pathogens, the CDC has set guidelines to prevent transmission of infectious agents in healthcare settings that include standard precautions, which protect the healthcare worker and patient (Garner [@CR52]) as previously mentioned. Guidelines reported in 2007 regarding the prevention of infectious agent transmission in healthcare settings, discuss transmission-based precautions dependent upon the specific disease, as well as type and duration of precautions recommended for selected infections (Siegel et al. [@CR100]). If the virus can be transmitted through bodily fluids, healthcare workers have to be able to assess the risk of exposure by considering the injury type, the bodily fluid involved, the risk for transmission of blood-borne viruses and then test the source patient to determine if blood-borne viruses are present. Although these precautions were recommended to reduce the risk of exposure to blood-borne diseases for healthcare workers, these practices can be applied to prevent exposure in any occupational environment that poses a risk. Exposure Control Plans also need to be executed to ensure the workers have accurate information regarding potential exposures. CDC has also implemented engineering controls and personal protective equipment resources to help reduce exposure to blood-borne infectious diseases, such as viral hepatitis and HIV (CDC [@CR18]).

Human Immunodeficiency Virus {#Sec9}
----------------------------

As of 2010, there were approximately 35,000--38,000 new cases of HIV and 16,000--18,000 deaths per year in the United States (CDC [@CR23]; Mohebati et al. [@CR82]). In 2015, the CDC reported that approximately 1.2 million people in the United States were living with HIV infection (CDC [@CR22]). Even though rates are falling (Wyżgowski et al. [@CR119]; CDC [@CR14]), new cases of HIV are reported every year. HIV is transmitted by exposure to infected bodily fluids and is diagnosed through serological testing, as well as detection of the virus through RT-PCR assays. The CDC recommends that all individuals in a healthcare setting aged 13--64 years be tested for HIV, regardless of the exposure risk (Panneer et al. [@CR90]). One review reported 57 documented cases of HIV infections transmitted in an United States healthcare environment after having a negative serology at the time of assumed exposure (Mohebati et al. [@CR82]). HIV is a lentivirus, a subgroup of retroviruses, characterized by long incubation periods. Lentiviruses can integrate large amounts of viral RNA into the DNA of host cells and as a result, lentiviral vectors have become an important research tool as a delivery system for gene therapy strategies. As previously mentioned, workers in biotechnological laboratories or healthcare environments that use these lentiviral vectors are also at risk of viral exposure (Howard et al. [@CR59]). Individuals who work in laboratories that conduct research on HIV are also susceptible to exposure; however, with the protective measures taken to limit exposure to contaminated blood and other bodily fluids, exposure to HIV has decreased over time, specifically in the United States. From 2005 to 2014, HIV infections in the United States have decreased approximately 19% (CDC [@CR22]). To reduce the risk of exposure, the CDC recommends following the 2007 guidelines for isolation precautions preventing transmission of infectious agents, such as HIV (Siegel et al. [@CR100]). Included in these recommendations are proper use of PPE, such as gloves, safety glasses, and gowns to reduce the risk of exposure. In 2013, an update of the United States Public Health Service guidelines for the management of occupational exposures to HIV was released and included recommendations for the management of healthcare workers who had been exposed to HIV (Kuhar et al. [@CR63]). Administration of antiretroviral drugs to reduce the replication of the virus is also effective following exposure to HIV.

Adenoviruses {#Sec10}
------------

Adenoviruses are the most common illness of the respiratory system in healthcare environments and in the military, and can cause a wide range of symptoms (CDC [@CR16]), including common cold-like symptoms, pharyngitis, bronchitis, pneumonia, diarrhea, conjunctivitis or gastroenteritis. Adenoviruses are transmitted by direct personal contact with an infected person or by contact with contaminated surfaces. One study suggested that the crowding of personnel at military stations lead to adenovirus outbreaks, highlighting the importance of vaccinations (Gray et al. [@CR55]). Another study reported the exposure of healthcare workers to Adenovirus Serotype 14 from infected military trainees (Centers for Disease and Prevention [@CR40]). In 2008, adenoviral transmission was documented between healthcare workers and two patients identified as having Adenovirus Serotype 14 (Louie et al. [@CR74]). Good hygiene and sanitation practices, as well as avoiding close contact with infected people or contaminated areas, are prevention strategies to minimize the spread of the virus. Currently, the only available vaccine is for military use, which was approved in 2011 by the Food and Drug Administration (CDC [@CR16]).

Influenza {#Sec11}
---------

Influenza virus is a respiratory illness that can affect anyone potentially leading to hospitalization or even death. There are three different types of influenza virus. Influenza type A and B are responsible for the annual influenza outbreaks. Type C also causes the flu, but the symptoms are not as profound as types A and B. Influenza A viruses are found among animals and humans, while influenza B viruses are mainly found in humans. The virus can be transmitted by contact with surfaces or areas where an infected person has touched or sneezed. The virus has also recently been shown to become airborne via coughing (Lindsley et al. [@CR68]). Throughout the world, there are approximately 3--5 million severe influenza cases reported annually with 250,000--500,000 resulting deaths (WHO [@CR116]). Since 2010, the CDC estimates that 140,000--710,000 influenza cases in the United States have resulted in hospitalizations, resulting in 12,000--56,000 deaths (CDC [@CR27]).

The influenza virus is diagnosed via several methods including lateral flow and membrane-based immunoassays, as well as RT-PCR assays from nasal swabs. Sensitive real time semi-quantitative PCR assays, such as the viral replication assay developed at NIOSH (Blachere et al. [@CR6]), can detect viable viral RNA influenza quickly and accurately compared to traditional methods (Blachere et al. [@CR7]; Lindsley et al. [@CR69]; Lindsley et al. [@CR70]) that cannot distinguish between infectious and non-infectious virus. Prevention of the influenza virus includes proper sanitation practices, such as hand washing and decontamination of infected areas. Guidelines developed by the CDC, such as wearing PPE, will reduce the risk of exposure to the influenza virus (Siegel et al. [@CR100]). An annual flu vaccine is available and is recommended for people older than 6 months (CDC [@CR24]). The vaccination is composed of inactivated or recombinant strains of influenza virus that research conducted at the collaborating centers of the World Health Organization (WHO) has deemed most probable to be encountered in the upcoming season (CDC [@CR24]). Trivalent vaccines are most commonly used and the current configuration immunizes workers against two Influenza A (H1N1 and H3N1) viruses and one Influenza B virus. There is also a quadrivalent vaccine that protects against the same three viral strains as the trivalent vaccine, but also includes a second Influenza B virus (CDC [@CR24]). The National 2009 H1N1 Flu Survey conducted by the CDC from October 2009 through June 2010 found that of 28,710 employed adults, 10.5% of workers employed in real estate and the rental and leasing industry, 10.2% workers in accommodation and food services industry, 11.0% workers in food preparation services, and 8.3% of workers in community and social services reported having an influenza-like illness. It is important to note that the number of workers vaccinated for the seasonal influenza or H1N1 in the aforementioned groups was low (Luckhaupt et al. [@CR75]). A study conducted at NIOSH measured viral particles of influenza in air samples collected from a hospital emergency department and found that over 50% of the virus was detected in the airborne droplets located in waiting rooms, triage rooms and in personal samplers worn by emergency department physicians (Blachere et al. [@CR7]). Even though the CDC, the Advisory Committee on Immunization Practices, and the Healthcare Infection Control Practices Advisory Committee recommend that all United States healthcare workers get vaccinated annually, only 64.3% of healthcare workers were vaccinated during the early 2014--2015 season (CDC [@CR26]). Changes and updates to the previous recommendations of immunization practices have already been reported for the 2016--2017 influenza season (CDC [@CR25]).

Workers in the poultry and swine industries are susceptible to zoonotic infections, and exposures have been reported in recent studies (Fragaszy et al. [@CR50]; Gray et al. [@CR56]). Workers in pig farms and their wives have been found to be at a greater risk of exposure to swine influenza virus compared to a control population not exposed to swine (Gray et al. [@CR56]). Veterinarians, farmers and workers who process meat have also been reported to be exposed to swine flu (Myers et al. [@CR85]; O'Brien and Nonnenmann [@CR89]). In December 2016, a New York animal shelter worker was infected with a novel avian lineage influenza (H7N2) virus. The worker was thought to have acquired the virus through close, prolonged unprotected exposure to infected cats (CDC [@CR28]).

Ebola {#Sec12}
-----

The Ebola virus disease, also known as Ebola hemorrhagic fever made headlines from December 2013 to January 2016 due to an outbreak in West Africa, including the countries of Guinea, Liberia and Sierra Leone (CDC [@CR20]). Symptoms included fever, sore throat, muscular pain and headaches followed by vomiting diarrhea and rash. The virus is transmitted into the human population through direct contact with blood or other bodily secretions of infected animals, then transmitted from human to human by contact with bodily fluids of infected individuals (WHO [@CR114]). To diagnose the Ebola virus, blood samples are tested for viral RNA by RT-PCR and viral proteins by an enzyme-linked immunosorbent assay (ELISA). During the outbreak, approximately 25,000 cases of Ebola exposure were reported, with 41% of those cases ending in death (Suwantarat and Apisarnthanarak [@CR105]). Healthcare-related infections with the Ebola virus accounted for 2.5--12% of total cases and the fatality rate was reported in up to 73% of the emergency responders and healthcare workers in direct contact with infected patients (Suwantarat and Apisarnthanarak [@CR105]). There were five reported exposures that were confirmed in the United States, with four of the cases being healthcare workers (Lyon et al. [@CR76]; Chevalier et al. [@CR41]). The CDC has published guidelines for healthcare workers during the management of patients in United States hospitals during an Ebola virus outbreak (CDC [@CR19]). The guidelines instruct workers on the selection of the correct PPE, the proper use of PPE, and techniques for donning and doffing PPE. Fig. [3.5](#Fig5){ref-type="fig"} shows a responder wearing PPE during the Ebola outbreak. Preventative measures discussed in the guidelines include strict adherence to PPE recommendations and incubation periods when responders returned to the United States (CDC [@CR19]). Currently, there are no approved vaccinations against Ebola (CDC [@CR20]); however, there are potential candidates (WHO [@CR115]).Fig. 3.5**Personal protective equipment**. An emergency responder displaying the proper use of personal protective equipment

Norovirus {#Sec13}
---------

Gastroenteritis-causing norovirus is a highly contagious virus found in healthcare occupations, food handling services, the military, schools and on cruise ships. The Vessel Sanitation Program at CDC assists with preventing and controlling gastroenteritis illnesses such as the norovirus in the cruise ship industry (CDC [@CR34]). Norovirus is easily transmitted by contaminated food and water, hands and communal objects, and by direct contact with infected individuals (CDC [@CR32]). It is suggested that norovirus can be carried through the air to replicate in the host (Duchaine [@CR47]). Recently, molecular analysis of air collected from areas in healthcare facilities revealed evidence of human norovirus (Bonifait et al. [@CR8]). Norovirus is diagnosed through enzyme immunoassays or RT-PCR assays and has no current vaccine. Similar to norovirus, rotavirus causes gastroenteritis and is spread among infants and young children through the fecal-oral route. It is transmitted by contaminated food, water and objects as well as by direct bodily contact. Diagnosis is made through the detection of rotavirus antigen in stool samples. Unlike norovirus, rotavirus has an available vaccine (CDC [@CR33]). Both viral diseases are prevented through proper hygiene and sanitation practices, as well as avoiding infected and symptomatic people (MacCannell et al. [@CR77]). Washing vegetables and fruits and disinfecting contaminated areas also limits the risk of exposure. Due to the age of the population at risk of rotavirus exposure, it is not common for occupational exposures.

Zika Virus {#Sec14}
----------

Beginning in 2015, the Zika virus has been a major focus for public health officials. Zika virus is a mosquito-borne illness that was first identified in Uganda (WHO [@CR118]) and can be transmitted through mosquito bites and possibly blood transfusions, although the latter is unconfirmed (CDC [@CR38]). In pregnant women, Zika can be transmitted to the fetus and cause birth defects, such as microcephaly. Symptoms that normally last 2--7 days include mild fever, skin rashes, muscle and joint pain, and conjunctivitis. A blood or urine test can confirm the presence of Zika virus. In March 2016, the Food and Drug Administration approved a new Trioplex RT-PCR Assay to test for Zika (CDC [@CR31]). The CDC suggested that avoiding mosquito bites by wearing protective clothing or applying bug repellents are methods to reduce the risk of exposure. Currently, there is no vaccine against Zika viral infection. In 2016, the CDC responded to an outbreak of Zika in North and South America. Along with NIOSH, the Occupational Safety and Health Administration (OSHA) developed guidelines for protecting workers from occupational exposure to Zika virus, including workers in outdoor environments, business travelers, as well as healthcare and laboratory workers (CDC [@CR38]). There are reports of locally acquired cases of Zika in Florida that are not associated with travel exposure (CDC [@CR39]). More recently, five cases of locally acquired Zika were reported in Texas (CDC [@CR39]). Laboratorians are an additional occupational group at risk of contracting Zika as shown in a case study of a Pittsburgh worker who acquired Zika through laboratory transmission, specifically by a needle stick (CDC [@CR39]).

Other Potential Occupational Viral Exposures {#Sec15}
--------------------------------------------

Although not as prevalent in occupational environments, there are other viruses that pose a risk for potential exposure. Viral meningitis, defined as the inflammation of the spinal cord and brain, is the most common type of meningitis. This disease is caused by non-polio enterovirus, mumps, herpes virus, measles, influenza, and arboviruses. Viral meningitis is most common in immunocompromised people and young children (CDC [@CR36]). The disease can be diagnosed by X-ray of the head, blood collection for culturing, or drawing fluid from around the spinal cord to further test for cellular, sugar and protein levels. There is no specific treatment for viral meningitis. Although viral meningitis may not be commonly found in many occupational environments, the causal agents are found in occupational settings, such as schools (Croker et al. [@CR42]; Sosa et al. [@CR104]). Non-polio enterovirus can be encountered in a healthcare environments (Midgley et al. [@CR81]; Midgley et al. [@CR80]). If symptoms are present, they are similar to the common cold. Non-polio enterovirus is transmitted through feces, or eye, nose and mouth secretions and can be diagnosed through serotype identification and molecular testing. Exposure to the virus can be minimized by washing hands and avoiding direct contact with infected people or contaminated objects. Currently there is no treatment for non-polio enterovirus (CDC [@CR17]). According to the CDC, mumps can be encountered in healthcare and school environments (CDC [@CR30]). Transmitted through eye, nose and mouth secretions, mumps is spread through coughing, sneezing or talking and by direct contact with infected people or contaminated objects. The disease is diagnosed using antibody measurements, viral culturing, and RT-PCR assays. A vaccine is available that protects against measles, mumps and rubella (MMR). There is also an MMRV vaccine for children which includes protection against varicella (chickenpox). A third cause of viral meningitis is measles. It is highly contagious and is transmitted through coughing and sneezing. In 2015, there was an outbreak at an amusement park in California exposing both the general public and the park workers (Zipprich et al. [@CR120]), as well as another outbreak in an Ohio Amish community in 2014 (CDC [@CR29]). Measles is diagnosed using RT-PCR and genetic sequencing and is prevented with the MMR vaccine. Arboviruses, such as the West Nile virus are another group of viruses that can potentially cause viral meningitis. This disease is transmitted to humans by mosquitos; therefore, insect repellent and protective clothing are preventative measures taken to reduce the risk of exposure. West Nile virus is diagnosed by antibody testing, viral culturing or RT-PCR assays to detect viral RNA. Less than 1% of those infected develop life threatening illnesses (CDC [@CR37]). Currently, there is no treatment available to treat the West Nile virus, but the same precautions for the Zika virus should be taken to reduce exposure to workers in occupations that require travel (CDC [@CR38]).

Conclusion {#Sec16}
==========

In summary, viral exposures can occur in many occupational environments with the healthcare environment having some of the greatest risk for exposure to a broad diversity of viruses. Table [1](#Tab1){ref-type="table"} depicts the most prevalent viral exposures encountered in occupational environments, characteristics of those viruses, and current treatment strategies against the viral exposure. The CDC, along with many other governmental agencies, have developed guidelines that are often updated to provide the most current preventative methods to protect workers from potential viral exposures (Garner [@CR52]). Regardless of the virus, the "2007 Guideline for Isolation Precautions: Preventing Transmission of Infectious Agents in Health Care Settings" cover an array of recommendations to protect workers at risk for different viral exposures (Siegel et al. [@CR100]). The CDC offers available resources for workers, especially in the healthcare sector, to assist in limiting potential viral exposures through proper use of selection and the donning of PPE (CDC [@CR18], [@CR19]), as depicted in Fig. [3.5](#Fig5){ref-type="fig"}. It is important to follow appropriate prevention practices, such as good hygiene, proper sanitation and disinfection strategies, as well as wearing the correct PPE to limit viral exposure in occupational environments. Knowledge of the available federal and state guideline documents for specific viruses, as well as Exposure Control Plans developed by employers will help reduce occupational exposures to viruses. Taking preventative measures to limit the risk of exposures and following vaccination recommendations can reduce the spread of viral exposure in occupational environments.
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